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EORIZONT,4L-TAIL  DEFLECTION ON LP-TEWL CONTROL 

By M. Leroy SpearneG 

A limited  investigation  has  been made i n  the  Tangley 4- by  4-foot 
supersonic  pressure tunnel t o  de-lemine the erfectiveness of  differen- 
t i a l  horizontal- ta i l   def lect ion  for  prodizcing la te ra l   cont ro l   for  two 

Y svept-wing airplane models ir- the Mach nmiber range f ro3  1 .4  t o  2.0. 
The tests were l m t e d   t o   r a t h e r  snall t a i l  deflections  but  included 
cohined  angles of attack and s idesl ip  up t o  about 20°. One model had a 
wing ~ . E E  t a F l  s1re:t 35O, whereas the  other haii a wing a d  t a i l  swept 45O. 

c 

The t e s t s  showeci the rolltng-EoKent  effectiveness to be  essentially 
constant w i t h  sideslip  angle bu-i t o  decrease  with  increasing  angle of 
attack. Estimates of the  rolling-nmect  effectiveness  near  zero  angle 
of attack were i n  reasonably good  agreemenk with t!e eqerimellial values, 
althocgh  tney  xere  consistently  higher by 10 t o  15 percent. The yawing 
n o m ~ t  due t o  control der"1ectioE ?vas generally  favorable at l o w  aagles 
of attack,  but it became adverse  with  increasing engle of attack. D i f -  
ferential   deflections or" the t a i l  had no significank  efr"ect on %he lon- 
gitudinal  sta3il i ty  characteris-l ics.  

INTRODUCTION 

A problem  of concern i s  that of providing  satisfactory  roll  control 
f o r  a i r p l m e s   i n  supersonic f l i gh t .  The CefLection of conventional out- 

twist thak ceuse the  rol l ing poxer t o  be  substsntisl ly reduced o r  even 
reversed. The whg tx5-st ray  be  reduced  by  locating t'ie ailerons f a t h e r  
icboard,  but  the  deflected  controls aay t'nen cause mdesirable flow cis- 

board wlng trailing-ecige  ailerons may r e s a t   i n   l a r g e   m o u n t s  of wing 



r o l l  control  without  the  danger of wing  twist;  however,  the  spoiler-type 
control  generally has undesirable  nonlicear  characteristics;  particularly 
for -11 rates of roll. . 

Another  method  that has been  suggested  as a Deans  for  providing r o l l  
control  involves  the  use of a differentially  deflected  horizontal  tail. 
Such a control, 02 course,  would  avoid  the  wing-twist  problem,  although 
problem of  3onlinearities  and  =ore cowlicated tail  structures may still 
be  ixolved. A su-mary  of  results  for  this  type  of  control  at  subsonic, 
trar-sonic,  and  s-upersonic  speeds zp to a Mach  nunber  of 2 is  presented in 
reference 1. 

The  present pper presents  results  that  are  nore  detailed  on  the 
effectiveness  cf  the  horizontal  tail  as a roll  control  device  for two of 
the  configuraklons  inclu&ed in reference 1. These  results  were  obtaioed 
fcr a Xach  mniber  range  from l. k to 2.0 in  the  -=gley 4- by 4-foot  super- 
sonic  pressure  tunnel  durirg  soae  investigations t-3 had  other prbmry 
objectives.  The  results &re limited to rather small deflections  of  the 
%eLi brt  do  include  angles  of  attack  and  sideslip  up  to  &bout 20'. One 
nodel ha& a xing  aDd  5ail  svept 35', and  the  other had a wing  and  tail 
swept k3'. 

The  results  are  presented  as  coefficients cf forces  and  moments  on 
the  stEbili+,y  axis  system  (fig. 1) wtth  the  reference  centers  of  gravity 
at longitudinal  stations  corresponding to the  quarter-chord  point of the 
?ring  mean  geometrsc  chord.  The synfbols are  defined as follows: 

Cn MZ yaving-?l?ornent  coefficient , - 
qm 

rolling-mment coefficient, - MX 
(2% 

CY lateral-force  coefficient, - Y 0,s 

CL lift  coeffrcient,  where  Lift = -Z, - a_s 
Lift 

cx longitudinal-force  coefficient  (corresponds  to  negative  drag 
coefficient,  at  zero  sideslip), - X 

ss 
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pitching-=omen%  coefficient, - 
force dong X-axis 

force  along  Y-axis 

force  along Z-axis 

rolling  aoment 

pitching Ir;olr?ent 

yeving moaent 

wing  &rea 

horizontal-tail  area 

\ling spal 

wing  mean  geometric  chord 

cbrd 

free-stream Qnamtc pressure 

lcteral  center-of-gressure  1o"Lion or" one  panel of horizoEta1 

angle of sideslip,  deg 

angle or" attack,  deg 

all-novc'ole  horizon%el-kail  incidence  angle  (see fig. l), deg 

rree-streun  Mzch nvs'oer 

leZt tail panel 

right  tail  panel 

rolling-xoIzent  coefficient due to  tail  deflection, ACl/A6t 

tail 

D 

y.s-dr~-moaent  coefficient  due  to  tail  deZlection, nCn/'&t 
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cLok, 
l if t-curve slcpe of  hor izonta l   t a i l  

Ast total   differential   tai l-deflection  angle 

MODEIS AND APPARATUS 

Taree-view &=wings of the models are  presented in fig-ce 2. The 
georretr lc   chracter is t ics  of the models are  presented ia table I. 

Mcdel 1 (see  fig.  2(a) ) hAd a wing with 35O swee? of the  quarter- 
chord line,  an  aspect  ratio of 4, a taper   ra t io  of 0.5, and KACA 
65k-series a i r foi l   sect ions having  thickness  ratios of 6 percent a t  the 
root and 4 percent a t  the t i p .  The wing was nounted i n  a sexihigh  posi- 
t ion  on the bcdy aml had a negative  dihedral  of 2.5O asd  an  incidence 
of 9C. An all-xovable  horizontal t a i l  s&pt back 35O vas ?rour,ted s l ight ly  
below the  vixg-root chord l i ne  extended. A total  deflection  engle of -100 
was cbtaired by deflecting  the  r ight t a i l  panel -5O ( t ra i l ing  edge up) 
a d  the  l e f t  t a i l  ganel -5O ( t ra i l ing  edge dowm). 

Mcdel 2 ( f ig .  2(b) ) had a wing with b5O sweep of the  quarker-chord 
l ine,  an  aspect ratio of  k ,  a taper   ra t io  09 0.2, azd NAC-4 65A004 air- 
foil   sectioEs.  The wing -as munted  sn  the body center  line and bad 
dihedral and  incidence of Oo. An ell-lriovable horizontal t a i l  swept back 
k 5 O  i&s located  in the extendieci chord  plane of the wing. Total  deflec- 
t ions of -12O ard -6O were used w i t h  model 2. The total   def lect ion 
of -2.2' :.?as obtained by deflecting  the  right tail panel -5O md the  left  
t a i l  paml  -6'. The t o t a l  deflects-cn of -6O was obtained  by  deflectiom 
os" the  r ight  an3 l e f t  tel l  panels of ei ther  - 3 O  and -33, resgectively, 
or  sf -50 m d  oO, resgectively. 

Forces ard moxents were neasured  by the  use of six-comment  strain- 
gage balances  coxtained in   the  sting-mounted models. Tu0 diTferent  bal- 
ance =nd st ing sxrarGemeats rfrere used for   the two rnodels. 

n F = ~ ~ T S ,  CClRFU3CTIONS, AND ACCLWSY 

!The t e s t  conditions  are surnriarrzed as follows: 

Conf Fgurat  ior, M Stagrmtion Reynolds T?LL'?33er, Stagnation 
tem?erature, OF based on c pressure, lb/sq f t  

- 

I I 
I I I 

Model 2 1,440 
110 I 1,730 L .8k 
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The stagn&tion dewpoint has naintained  suffFciently low (below -25O P) 
t o  prevent  condensation  effec-ls in   the   t es t   sec t ion .  !l?he angles o f  at tack 
and sideslip were corrected fo r  the  deTlection of  Cne balence and  stcng 
under  load. The base  presswe was Eeasured and the  longitudin&l  force 
wzs adjusted t o  s base  pressure  equal t o  the  free-stream  static  pressure. 

The naximun estimated  error  in each of the  indtvidual measured quan- 
t i t i e s  i s  as follows: 

Quantity 

C = . . . . . . . . . . . . . . . . . . . . . . . .  
c z . . . . . . . . . . . . . . . . . . . . . . . .  
.......................... 
c L . . . . . . . . . . . . . . . . . . . . . . . .  
......................... 
......................... 
6% . . . . . . . . . . . . . . . . . . . . . . . .  
a . . . . . . . . . . . . . . . . . . . . . . . .  
p . . . . . . . . . . . . . . . . . . . . . . . .  

Mcdel 1 Model 2 

io. 0002 
2.0004 f . 0001 

*o .0005 

i .0070 ;t .0080 
f .0020 f .0020 
f .0005 2.0004 

2.1 f.2 
f .2  *.2 
f . 2  f.2 

* .OOl5 * . 0010 

A n  index of figures 3 t o  11, including  the  test  angle  ranges, is 
presented  in table 11. 

DISCUSSION 

Rolling Moment 

Effects of angle of attack and sideslip.-  The rolli??-g moEents pro- 
vided by di f fe ren t ia l  %ail deflection were essentially  coastant  through- 
out  the  sideslip  range f o r  m~ angle of attack Tor  model 1 a t  14 = 1.61 
and M = 2.01 ( f igs  3 and 4) .  Lbi-Led  sideslip *-La ob-lairred for  nodel 2 
at  M = 2.01 ( f ig .  8) indicated a similar resul t .  Rowever, the  rol l ing 
effe  ctivene s s f o r  both mdels  decreesed  with  increasing  angle of % - 
attack, aEd between cs = 16O md a = 20' values of C were about 

28 
one-half those at low angles of attack (f ig .  9). 

m. 

The l5niting  angles of  s idesl ip  f o r  which, the loo t a i l  deTlection 
o-; zodel 1 would be able t o  newbrelize  the  rolling aoEect dce to side- 
s l i p  (fig. 11) vary fro= a naximm of about 6' a t  lox angles of attack 



t o  sngles of onLy about 2O st u =  15O. These limiting  angles of side- 
s l i p  couid  be  increased  with  increased ta i l   def lec t ior -   un t i l   the  t a i l  
loses  effectiveness.  This measure of t he   u t i l i t y  of d i f fe rer - t ie l   t a i l  
deflection  as a roll control  device is, or" course, l i x i t e d   t o  configura- 
t i x s  and Mach curhers similar t o  those  tested, because these  results 
depend not  only on the l i f t  effectfveness of tine t a i l  but OII t'ne effec- 
~ :ve  dihedra' 3f the coP2ie;cration as well. L .  

Estivated  rolling-noxent  effectiveness.-  Estimated  values of C2 for 
8 

d i f f e ren t i a i t a i l   de f l ec t ions  at a = Oo were obtainea  fron  the  relation 

The lateral  cezter-cf-pressure  location of the t a i l  yt wss obtained 
througn %he use or" reTerence 2. For the  present models the l.&.tersl. ten- 
t e r  of pressure  vas  fcund to   be a t  approxhzteiy 40 percent of  the exposed 
se-??ispm of  the tail.  The l W t - c a ~ e  slope  for  the exposed tail was 
obtained by the  ase  of  reference 3 .  This  procedcre  cegiects  body-tail 
interference  effects. %e estinated vaxues %'nus cbtained  are  in reason- 
sbly good agreenent  with  the  werirnental   vshes  at  a = Oo but a r e  
consistently  higher t3az the experimental  values by approxiztely LO t o  
15 percerA (fi-g. 9) .  P a r t  of thLs Ciifference ?my be  a t t r ibuted  to  some 
dyn&c-presszre loes at t3.e t a i l  aEd solre loss of l i f t  on the tail 
result ing from the sr iL gas E% the  inboard end of the  ta i l   panels .  
UnGublisheC r e s d t s  fron other   tes ts  of m d e l  1 Mve shown that  the  pres- 
ence of the wing reduces -L?e horizontal-tail Ditchiag-noment effective- 
ness  qproximateLy 10 2erceEt. A shdlar reeuction might be wetted i n  
rolXEg-xoEent effectiveness. 

ZfTects of ver t ica l  $ail.- Tests lm5e with  Eodel 2 st M = 1.hl 
w i t 3  +,he ver t ical  t a i l  both 32 a ~ d  off  indicsted zc xeasuable   afference 
In  the  rolling  effectiveness for the smll tail-deflection W l e s  inves- 
t igated  (fig.  7). This  result  ray  not  be  true, however, for  larger t a i l  
&eflections o r  for  otlner possible t a i l  arrengexents. 

Zffects of initisi  pitch-ccntrcl  deflections.-  Ltc5ted  tests m6e 
with xodel 2 at X = 1 .41 wlth a different ia l  t a i l  Ceflection of -6O 
indica+,ed nc difference  in  the  rolliztg  effectiveness  for an in i t ia l   p i tch-  
contrcl  deflectic:1 of - 3 O  ( G o  l e f t ,  -Go r igh t )  frcni that  obtained with 
an ini%isi   pitch-control  &flection of Oo (-3' left ,  - 3 O  r igh t )   ( f ig .  7). 
This result  my  not  necessarily  apply f o r  'nigher init ial   pitch-control 
deflectiom, however, s i x e   m d e r  sone coneitions  the  differential 
deflections nay reszlt i n   t h e  angle of attack Tor or,e t a i l  panel  exceeding 
t h e   l i n e a  range 05 the t a i l  lift-curve  slope. 
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Yzwing Hoxent 

-4t zngles or" attack  near  zero,  the yewi-ng monents due t o  d i f fe rm-  
t i a l  ta i l  deflection were favorable f o r  model 1 and were ap-poximately 
zero f o r  nodel 2 (fig.  10). For m d e l  1, the   f avomble   ye - ig  moments 
e re  apgare,n_tly a resu l t  of an i n i t i a l  downward flow  angle at t h e   t a i l  
that, when t h e   t a i l  i s  deflected  differentially to provide  positive roll, 
would resul t ,   in   the  locsl  angle of t h e   l e f t  t a i l  panel  mproechtng  zero 
while  the  local &ngle  of the  r ight ta i l  panel  becoms more negative. 
Conseguently, the  drag increment  provided by the  r ight t a i l  panel vou3.d 
increase and thm provide E. posit ive o r  favorable yaw.  The existence 
of t h i s   i n i t i a l  downxmrd f l o w  zngle at the tail is  iEdiceted by the 
el'fectfve  down-ash-angle  Izeasurenents  presented i n  reTerence 4 f o r  a 
conf igu_rz-lion similar t o  noeel 1 a t  M = 1.41. 

For nodel 2, EO ye-dng mcments should  be  expected  a% at = Oo beczuse 
tAe t a i l  i s  located  symnetrically  with  respect t o  the body md wkg, and 
t h e   i n i t i z l  flow angle at the t a i l  should  be 0'. Eence, the  differeat ta l  
t a i l  deflection would resu l t   in  ewal dzag increments for   the   l e i3  and 
r i g h t   p n e l s  mtd would cause no  yaw. With increasing  angle of attack, 
the yawZng  morzellts becone  adverse f o r  bo-Lh models. 

The l imi ted   t es t s   mde  for moiiel 2 at M = 1.41 indicated no effect  
of  the  vertical  t a i l  o r  of init ial   pitch-control  deflection on the yzwing- 
Eomnt Characteris-lics  (fig. 7). Some eTfect might be  expected, however, 
f o r  larger  dezlection  angles  since  other  investigztions -have indicated 
that large  synxetricd  deflections of a horizortal  tail hcve a signizi- 
cant  effect 011 the  lateral-force  contribution or" t h e   v e r t i c a l   t a i l .  

Longitudind  Stabil i ty  Cheracterist ics 

For the slrzll range of control  deflections  investigated,  there was 
no significant  effect of difr"erentia1 t a i l  deflection on the longitud-i- 
ral stzbi l i ty   cheracter is t ics  of e i ther   mdel   ( f igs .  5 to 8). 

I'n icvestigation  has  been =de in   t he  Langley 4- by 4-foot supersonic 
pressure  tunnel t o  dete-mille the  ezfects of mall a f f e r e n t i a l  horizontal-. 
t a i l  deflections on the  lateral  control  cbmxacteristics of two swept-wing 
airplane  Eodels in   the  Mach  nuznber r a g e   f r o n  1.4 t o  2.0. One model had 
a w i n g  znd te i l  swept 3 5 O ,  whereas the  other 'had a king and t a i l  swept 
45O. The resu l t s  of the  tests  iEdicated  the  follomg  conclusions: 



1. The rol l ing monent provided  by different ia l  tail deflection was 
esser-tially  constant t'moughout the  sideslip  mnge  but  decreased  with 
increasing angles of attack CG t o  values between agproximately a = 1 6 O  
and a = 20' t'nat were zboxt  one-half t'ae values at 10% angles of attack. 

2. Estbates ol' the rcllLcg-rrorrent effectiveness a t  lov angles of 
attack :.rere Fn reasonably good agreement w i t h  the  eqerimental  values, 
a'_though the estimates  vere  conslstentlv higher %y 10 t o  15 percent. 

3 .  The yaving mment due t o  control  deflection  varied from fa.rora'Di.e 
-LC approxin?a-Lely zero a t  lcw angles of attack  but  becae  adverse  with 
increasing  angle of attack. 

4. 7or the s~lall rmge of control  deflections  qnvestigated,  there 
vas no significant  effect of  different ia l  t a i l  deflection on the longL- 
%udinzl  stabil i ty  chzracterist ics.  
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:.Jings a t  m- Ar-gle 05 Attack. NACA TN 3044, i953. 
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Chrrzcterist ic I Model 1 Model 2 

Wing 

Area. including body intercept. 
sq i n  . . . . . . . . . . . . . .  160.21 

Sweep of quarter-chord line. 
6.89 6- 55 Me= geometric chord. in . . . . .  2 4.22 T i s  chord. i n  . . . . . . . . . . .  10 8.44 Root chord. i n  . . . . . . . . . .  24 25.31 Span. i n  . . . . . . . . . . . . .  144 

deg . . . . . . . . . . . . . . .  35 45 
Aspec% r a t i o  . . . . . . . . . . .  4 4 
Taper ra-lio . . . . . . . . . . . .  0-5 0.2 

Airfoil   section NACA 65AOCh { NACA 65A006 (root) 
NACA 65AOO4 ( t i p )  . . . . . . . . . .  

Horizootal t a i l  

kea.   including b o Q  fntercept. 

Area. exposed. sq i n  . . . . . . .  28.2 

Sweep OZ quarter-chord lice. 
2.01 1.98 Tip chord. i n  . . . . . . . . . . .  3.35 4.94. Root chord. i n  . . . . . . . . . .  UI 

deg . . . . . . . . . . . . . . .  35 45 
Aspect r a t i o  ( t o t a l )  3.5 4 

sa_ in . . . . . . . . . . . . . .  28.7 kL.9 

Aspect r e t i o  (exposed) . . . . . .  
0.6 0.k Tzper r a t i o  . . . . . . . . . . . .  3 3 

A i r f o i l  sec-lion . . . . . . . . . .  I NACP- 65~006 (rook) 
NACA 654-004 ( t i p )  Hexagon & l 

Vertical tail 

Area. sq in . . . . . . . . . . . .  25.6 

Sweep of querter-chord line. 
1.64 1.24 Tip chord. i n  . . . . . . . . . . .  8 . 18 7.0 Root chord. i n  . . . . . . . . . .  8-59 6.2 Spa. i n  . . . . . . . . . . . . .  42.3 

deg . . . . . . . . . . . . . . . .  44.5 35 
Aspect ra-lio . . . . . . . . . . .  3 3.5 
Taper r z t i o  . . . . . . . . . . . .  0.177 0.2 
R i r f o S l  section . . . . . . . . . .  NACA 65A006 (root ) Hexagonal NACA 65AOO4 ( t i p )  
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TABLE 11. - INDEX OF FIGURES 3 TO 11 

Model Figure Cmponent f3, &eg a, &eg x ” 

Basic data 

2.01 

1.61 

2.01 

1.41 

2.01 

0, 4.2, 8.5, 
12.7, 15 

Range 

3a-e 

Range 

~ 

3 

IC 

5 

6 

7 

8 
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Figure 1.- System of sta-oil i ty axes. Arrows denote positive directions. 
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Figure 2.- Details of models. 
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(b) Model 2. 

Figure 2.- Concluded. 
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Fig;re 3 . -  EI'Tec': of differential   stabclizer  deflection on the  aerodpmic 
characteristics i n  Eideslip. Model 1; M = 1.61. 
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(b) a = 4.2'. 

Fi,we 3. - Continued. 
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.o I 

0 

-.o I 

-.o 2 



.02 

c n  0 

-.o 2 

0 

-.I 

cy -.2 

-.3 

-.4 

I 

.o I 

0 

ct 
-.o I 

-.02 

-4 0 4 a 12 16 20 24 
P , deg 

(e) a = 16'. 

Figure 3.  - Concluded. 
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- Figure 4.- Effect of  differentiel   stabil izer  deZlection on the serodyllamic 
chuac te r i s t i c s  i n  sideslip.  Hodel 1; M = 2.01. 
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( a )  C,, CX, and CL plotted  against a. 
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F i g a e  6.- Effect of different ia l   s tcbi l izer   def lect ion on the aerodynmic 
characterist ics i n  Ditch. Model 1; M = 2-01; p = 0'. 
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chazacterist ics  in  gitck.  Xodel 2; M = 1-41; ~3 = Oo. 
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Figure 7.- Concluded. 



Figure 8.- ESfect of differential stabi l izer  deflection on the zero-ic 
c5arecteristics in pitch.  Mdel 2 with vertical t a i l  rertoved; M = 2.01; 
0 = 00 an6 4O. 
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Figure 10.- Varietion of yak-ing; moxert dce t o  control deflection w i t h  
m g l e  of attack. 
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